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INTRODUCTION

Chlorine dioxide has been historically used as a
disinfecting agent for drinking water supplies resulting in
a dramatic impact on the incidence of cholera, dysentery,
and typhoid fever dissemination thorough the 70s and
80s.'* It has also been used for bleaching textiles, antimi-
crobial applications, reducing loads of adsorbable organic
halogenated compounds in industrial effluents.* Since
the emergence of severe acute respiratory syndrome coro-
navirus 2 (SARS-Cov-2) pandemic, chlorine dioxide has
come into widespread use as a potential treatment or pre-
vention option despite the absence of evidence regarding
safety and efficacy. Here, we present a case of a patient
presenting with acute kidney injury (AKI) due to chlo-
rine dioxide ingestion.

CASE PRESENTATION

A 55-year-old male with a clinical history of hyperten-
sion and type 2 diabetes attended the emergency
department after consumption of chlorine dioxide.
The patient decided ingestion of a nonspecified dilution

with hemodialysis.
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Chlorine dioxide has been historically used as a disinfecting agent for
drinking water supplies and surfaces. Widespread use as an alternative
option for prevention and treatment of COVID-19 has emerged due to a
lack of specific treatment. We present the case of a 55-year-old male who
developed acute kidney injury and disseminated intravascular coagulation
after chlorine dioxide prophylactic ingestion, with regression after therapy
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as prevention for COVID-19 and after 5 days he devel-
oped nausea, vomiting, and altered mental state; no
fever, dyspnea, or other symptoms were referred. Initial
examination showed dehydration and inattention. No
edema was found. Initial work-up reported glucose of
640 mg/dl serum creatinine of 4.6 mg/dl, blood urea of
236 mg/dl, hemoglobin of 12.3 g/dl, total leucocyte
counts 4100/mm?>, and platelet count 36,000/mm?>, ele-
vated prothrombin time (PT), INR (1.4), and p-dimer
(15.43 mg/L), consistent with the diagnosis of dissemi-
nated intravascular coagulation (DIC). Peripheral smear
was normal, methemoglobin levels were not available.
Metabolic acidosis with secondary respiratory alkalosis
was found. Hepatic function was remarkable. Chest X-
ray and brain CT-scan were normal. No infectious etiolo-
gies were identified. The patient persisted with disorien-
tation and progressed to anuria despite intravenous
fluids and diuretic therapy after 48 h. He received one
session of hemodialysis (HD) with decreased serum cre-
atinine to 1 mg/dl and blood urea to 73 mg/dl, as well as
notable improvement in alertness and uresis. Last plate-
let count was 100,000/mm3. No more HD sessions were
offered, and he was discharged after 6 days of hospitaliza-
tion (Figure 1).
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FIGURE 1
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TABLE 1 Literature reported cases chlorine compound poisoning

/"_\

Discharge >

. o

Age Chlorine
References Gender (years) compound Dose Clinical findings Notes
13 M 25 Sodium 10g Altered mental status mHB 56%, acute tubulointerstitial
chlorite nephritis on kidney biopsy.
Complete recovery of renal
function.
14 M 42 Sodium 27g Abdominal pain, diarrhea and SC 3.2 mg/dl. Received 11 HD
chloride arterial sessions. Developed DIC.
hypotension
15 M 20 Chlorine 250ml  Anuria SC was 7.2 mg/dl. Renal biopsy
dioxide showed features of ATN.
16 M 65 Sodium NA Nausea, vomiting, diarrhea, mild SC 1.6 mg/dl, K 5.5 mml/Ilt, nHB
chlorite confusion and anuria 6.7%. Developed hemolysis;
received CVVH.
17 M 45 Sodium 100 ml  Cyanotic, lowered consciousness, Hemolytic anemia, DIC,
chlorite vomiting and incontinence bronchopneumonia and

sepsis, mHB 40%. Received 16
HD sessions.

Abbreviations: ATN, acute tubular necrosis; CVVH, continuous venovenous hemofiltration; DIC, disseminated intravascular coagulopathy; HD, hemodialysis;

mHB, methemoglobin; NA, not available; SC: serum creatinine.

DISCUSSION

Chlorine dioxide is a very attractive alternative as a disinfec-
tant: its properties are equivalent to or even exceed those of
chlorine.* Chlorine dioxide does not produce the taste and
odor problems that result from chloride treatment due to its
lack of reaction with phenol,5 which makes its ingestion
more tolerable when used as a water disinfectant. During
SARS-Cov-2 pandemic, the absence of a specific and
effective treatment has motivated the widespread use of

many off-label alternative therapies, despite the lack of
evidence of its toxicity and efficacy. Recently, the FDA
issued a warning letter against selling chlorine dioxide prod-
ucts to treat or prevent COVID-19 in adults and children.®
In Mexico, the Federal Commissions for the Protection
against Sanitary Risks (COFEPRIS) also stated its posture
against the use of chlorine dioxide.”

There is scarce information regarding the toxicity of
chlorine dioxide, but some important side effects have
been reported. Animal and in vitro models have shown
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decreased red blood cell counts, half-life of erythrocytes,
hemoglobin (HB) concentrations, and packed cell volume
at 30 and 60 days of exposure to drinking water, at concen-
trations ranging from 1 to as high as 1000 mg/L.*® Previous
authors have reported the ability of chlorite (C1O02_) to oxi-
dize HB to methemoglobin (mHB),'° which in turn depletes
glutathione concentration (an antioxidant mechanism),
increasing the levels of hydrogen peroxide (HP). This oxida-
tive stress is the main mechanism causing lipid peroxida-
tion, intravascular hemolysis, and cell injury."'™ In
addition, it was observed that chlorite (C102—) and chlorate
(ClO3—) inhibit DNA synthesis in several organs.* These
effects tended to be reversed by 90 days. Other potentially
side effects include gastrointestinal symptoms (gastric
mucosa represents the first barrier defense mechanism)
such as nausea, vomiting, and abdominal pain. Intravascu-
lar hemolysis™® and acute myocardial damage have also
been reported.™*

Regarding kidney injury, only case reports of chloride-
compounds toxicity have been published. Lin and Lim
reported the case of a 25-year-old male who developed AKI
after sodium chlorite poisoning with features of acute
tubulointerstitial nephritis on kidney biopsy, and complete
recovery of renal function."® Ranghino et al. reported acute
sodium chlorate poisoning in a 45-year-old male with AKI
due to methemoglobinemia.'® Bathina et al. found features
of acute tubular necrosis on renal biopsy of a 20-year-old
man who presented with anuria following consumption of
250 ml of stable chlorine dioxide.'” The most recent case is
a 55-year-old man who attempted suicide by ingesting
<100 ml of 28% sodium chlorite; the patient developed
hemolytic anemia and DIC, which were treated with red
blood cell transfusion and intermittent hemodialysis,
leading to recovering of his condition.'®, Table 1
resumes reported cases of AKI related to chloride com-
pounds. As in previous reports, our patient developed
CID associated with chlorine dioxide consumption, no
hemorrhagic complications were observed, and the
normalization of levels of platelets, fibrinogen, and PT
was achieved after hemodialysis session.

The exact cause of AKI secondary to chlorine com-
pounds poisoning is unknown, but some mechanisms are
remarkable: the “oxidative stress” causes excessive produc-
tion of reactive oxygen species (ROS), which finally lead to
cell injury in the form of ATN. Methemoglobinuria, direct
proximal tubular toxicity, and vasoconstriction are others
possible mechanisms related to AKI.

CONCLUSION

The absence of specific therapy in the COVID-19 pan-
demic has induced the widespread use of alternative

therapies for prevention and treatment of this infection.
The main risk of this practice is the lack of evidence
regarding safety and efficacy of these “natural” com-
pounds and the absence of controlled and standard
administration. Thus, emerging side effects are expected
and physicians must be aware of these complications.
This case illustrates AKI and DIC after chloride dioxide
intoxication.
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